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Background of the Invention 

1. Field of the Invention 

B The present invention relates to a a system for configuring shared storage and a shared storage dup- 
licating system for use with a multiprocessor system in which processor modules and shared storage modules 
are connected by a system bus. 

2. Description of the Related Art 

A shared storage device of a multiprocessor system stores instmctlons and data necessary for processing 
by multiple processor modules. These processor modules firequently access the shared storage device. If the 
frequency of access to the shared storage device is high, the number of processor modules which can be built 
into the system will be limited and consequently, the system's performance will be limited. Furthennore, abnor- 
mality in one processor module is apt to be directly linked to abnonmality within the whole system. Thus, a shared 
storage configuration system is desired which pemnits efficient access to the shared storage devtoe and dec- 
reases access frequency. 

Specifically, a shared storage for a fault tolerant system requires duplicating. However, as the duplex con- 
figuration of the shared storage is specified fixedly by hardware, flexible control is not allowed in duplicating 
the configuration. Besides, In accessing a duplex memory, the software monitors the access as a duplex 
access, thus being subject to a large process load caused by a duplex write. Therefore, an Improved duplicating 
method Is in great demand whteh allows a change In a duplex configuration and a reduction in load on software 
during the duplex access. 

A conventional multiprocessor system comprises a plurality of processor modules and a plurality of shared 
storage modules whfch are connected by a system bus for transfer of Infomnatton, thereby forming a computer 
system. 

In such a multiprocessor system, Instructions and date necessary to a central processing unit of each pro- 
cessor module are stored in the shared storage modules. Hence, each processor module forms a TCMP (Tightiy 
Coupled Multiprocessor) system which frequently accesses the shared storage modules. 

Besides a shared storage duplicating method Is Indispensable for realizing a fault tolerant multiprocessor 
system capable of continuous operation even when a fault occurs in a part of the system being operated. 

A duplex configuration of a conventk>nal shared storage is detennined by the hardware, and an abnormal 
condition in one of the duplex storages is con-ected immediately by a duplicating write where tiie same date 
are written, according to a write Instruction of a processor based on the software, Into a pair of shared storage 
modules specified as a duplex. 

With the TCMP system In which each processor module frequently accesses the shared storage modules, 
however, there is a limit to the infonmation fransfer capability per unit time of the system bus. Thus, if ttte number 
of accesses increases, the number of processor modules which can be built into the system will be limited to 
a considerably small number. Consequentiy, system perfonmance will also be limited. 

In implementing feult-tderant computer system whteh is able to continue functioning w'rthout going down 
even when a feult occurs in part of ttie system, problems which arise with ttie conventional system in tfiat. if 
an abnonmality occurs in one processor module due to an access error, the system bus will be released after 
a delay with the result that overtieads occur in tiie other processors due to the extremely frequent access to 
the shared storage nwdule, which may cause an abnormality of the whole system to be liable to occur. 

Moreover, in the conventional system, the memory area accessible by the central processing unit of a pro- 
cessor nrK>dule is limited by tiie physical addresses of the central processing unit, and thus the area outeide 
the physteal address capacity cannot be used as a memory space area. Therefore, it has been exfremely dif- 
ficult to bu ild a computer system that requires vast memory space, for example, one for processing a large-scale 
date base. 

However, shared storage duplfcation in a fault-tolerant system does not require duplication of all memory 
areas, but performs duplication only of specific menrwry areas as required. 

However, In the duplicating metiiod in tiie prior art technology, the duplex configuration of a shared storage 
is determined fixedly by tiie hardware. Therefore, if ttie size of the memory areas to be used during the dup- 
licating process fluctuates during system operation, the system must be stopped so that the duplex configu- 
ration can be changed by the hardware. This causes a problem in that the duplex configuration cannot be 
determined flexibly. 

In the duplicating method of the prior art technology, software recognizes a duplex access on accessing 
a duplex memory and monitors ttie stete of the access until date are written twice in the duplex shared storage. 

3 



EP 0 476 962 A2 



Thus, the load on the software becomes large and system efficiency is reduced. 
Summary of the Invention 

An object of the present invention is to provide a shared storage configuration system for a computer system 
which pemiits efficient access to a shared storage device so as to improve system performance, fault-tolerant 
requirements to be met and memory space to be increased. 

Another object of the present invention is to realize a shared storage duplicating method for a fault tolerant 
computer system where a duplex configuration can be changed during operation and the load on the software 
can be reduced during a duplex access. 

A feature of the present invention resides in a shared storage configuration system for use in a computer 
system including a plurality of processing modules each having at least a main memory unit, a central proces- 
sing unit and a connection unit lor connection to a system bus and a plurality of shared storage modules each 
having a shared storage unit and a connection unit for connection to the system bus, comprising: space inherent 
in the processing modules which is accessible by physical addresses of ttie central processing unit of each of 
tiie processing modules and shared storage space which Is accessible by the physical addresses of the central 
processing unit of each of the processing modules. 

Another feature of the present invention resides in a shared storage duplicating method for specifying a 
shared storage module conresponding to anotiier shared storage module where a duplex configuration is 
defined by assigning an inverted value at a specific bit of the unit ID to each other in a computer system com- 
prising: a plurality of process modules having at least a main memory, a central processing unit, and a con- 
nection unit for connection to a system bus; and a plurality of shared storage modules having at least a shared 
storage unit and a connection unit for connection to the system bus, wherein shared storage space accessible 
dependent on a physical address is divided into plural parts of partially-shared storage space; the existence 
of a duplex configuration of the shared storage module is defined for each part of the partially-shared storage 
space; and another shared storage module having an inverted value at a specific bit in its unit ID in contrast 
with the unit ID of the shared storage module where a duplex configuration Is defined is specified as a corre- 
sponding module In a pair of storage nKxiules. 

Brief Description of the Drawings 

Figures 1A to 1E are diagrams for explaining the fundamentals of the present invention; 

Figure 2 illustrates a multiprocessor system configuration of the present Invention; 

Figure 3 is a block diagram of a processor module of the present Invention; 

Figure 4 is a block diagram of a shared storage module of the present invention; 

Figure 5 is a block diagram of a connection unit of the present invention, whteh Is built in the processor 

module; 

Figure 6 is a block diagram of a connection unit of tiie present invention, which is buflt in the shared storage 
module; 

Figure 7 is a diagram for explaining transfer commands on the system bus according to the present Inven- 
tion; 

Figure 8 is a diagram for explaining writing and transfer operations according to the present invention; 
Figure 9 is a diagram for explaining reading and transfer operations according to ttie present inventton; 
Figure 10 is a diagram for explaining an address space map according to the present invention; 
Figure 11 is a diagram for explaining extended SSU space according to the present invention; 
Figure 12 Is a diagram for explaining SSM configuration definttk)ns by the firet control register according 
to the present invention; 

Figure 1 3 is a diagram for explaining SSM configuration definitions by the second control register according 
to tiie present invention; 

Figure 14 is a diagram for explaining packaging of the shared storage modules corresponding to the con- 
figuration definitions of Figures 12 and 13; 

Figures 1 5A and 1 5B are flowcharts of an accessing process in ttie program mode according to the present 
invention; 

Figures 16A and 168 are flowcharts of an accessing process in the DMA mode according to the present 
invention; and 

Figure 17 is a diagram for explaining a descriptor used in the DMA mode access according to the present 
invention. 
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Detailed Description of the Preferred Emk>odiment. 

Figures 1 A to 1 E illustrate the fundamentals of the present invention. 

As shown In Figure 1 A, the subject of the present invention is a computer system comprising a plurality of 
5 processing modules (processor modules) 10 each having at least a main memory 20. a central processing unit 
18 and a connection unit 22 for connection to a system bus 16, and a plurality of shared storage modules 12 
each having at least a shared storage unit 26 and a connection unit 28 for connection to the system bus 16. 

As shown In Figure IB, the present invention Is characterized, in that, in addition to a space 100 inherent 
in the processing module which is accessible by physical addresses of the central processing unit 18 of the 
10 processing module 1 0, a shared storage space 200 is provided. This space is likewise accessible by the physi- 
cal addresses of the central processing unit 18. 

The shared storage space 200 is dh^ided into a plurality of partially shared storage spaces 300 and the 
relationship with the shared storage modules 12 is defined for each of the partially shared storage spaces 300. 
The shared storage modules 12. which have their relationships with the partially-shared storage spaces 
15 300 defined, store data which is to be shared among all the processing units 10. 

The main memory 20 is allocated to the processing module inherent space 100 to thereby form multiple 
space for each of the processing modules 10. 

The main memory 20 which is allocated the processing module inherent space 200, stores operands and 
the processing nrnidule's own data required by the central processing unit 18. 
20 The connection unit 22 of the processing unit 10 comprises program nrKxJe access control means 32 and 
DMA mode access control means 34 (shown in Figure 5). Program mode access control means 32 Is for acces- 
sing an arbitrary shared storage module 12 allocated to the shared storage space 200 by the physical addresses 
of the central processing unit 18 and DMA nrxxle access control means 34 is for translating the physical addres- 
ses of the central processing unit 18 to relative addresses for accessing an arbitrary shared storage module 
25 (1 2) allocated the shared storage space 200. 

When the central processing unit 18 accesses the shared storage space 200 by its physical address, the 
program mode access control means 32 of the connection unit 22 translates it to the unit ID of a shared storage 
module 12 which is a candidate for accessing and accesses the shared storage module 12 using the resulting 
unit ID as an identifier on the system bus 18. 
30 The program mode access control mea ns 32 of the connection unit 22 produces a destination ID code (DID) 
identifying the shared storage module 12 which became a candidate for accessing, a source ID code (SID) rep- 
resenting a source, an operand indicating the type of access, and a start transfer command EC composed of 
access data capacity BCT. The program nKKje access control means 32 then transmits the start transfer com- 
mand EC to the system bus 16 together with an access address A of the destination shared storage module 
35 12. 

More specifically, the program mode access control means 32 of the connection unit 22 transmits a start 
transfer command or start command SC and an access address A at the time of fetch access, and a start transfer 
command SC, an access address A and data D to be written at the time of store access. 

At the time of the transmission firom the processing module 10, the connection unit 28 of the shared storage 
40 module 1 2 monitors the system bus 1 6 and receives the start transfer command SC when Its unit ID matches 
the destination ID code in the start transfer command SC. 

Subsequently, the connection unit 28 of the shared storage module 12 responds to the reception of the 
start transfer command SC to produce an ID code DID indicating the destination processing module 1 0. a source 
ID code SID indicating the source and a response transfer command or end command EC containing a con- 
45 dusion code at the tenrtination of access to the shared storage unit 26. and then transmits them to the system 
bus 16. 

More specifically, the connection unit 28 of the shared storage module 12 transmits only the response trans- 
fer command EC at the time of memory access and the response transfer conunand EC and readout data at 
the time of fetch access. 

50 In response to the transmission of the response from the shared storage module 12, the connection unit 
22 of the processing unit 10 monitors the system bus 16 and receives the response transfer command EC when 
its unit ID matches the destination ID code in the response transfer command EC. 

Furthermore, the connection unit 22 of the processing module 10 is equipped with a configuration control 
register 4 4 indicating packaging or unpackaging of the shared storage unit 12 corresponding to the partially 
55 shared storage space 300. 

Next, as shown In Figure 1 C. the present invention is characterized, in that, in addition to the shared storage 
area accessible by the physical addresses of the processing module 10, there is provided extended shared 
storage space 400 which is accessible by relative addresses by the central processing unit 18. 
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The shared storage space 400 is divided into the shared storage units 12 each having a fixed memory 
capacity. 

The extended shared storage space 400 also contains the shared storage modules 12 which are allocated 
the shared storage space 200 accessible by the physical addresses of the central processing unit 18. 
5 Access to the shared storage modules 12 fonming the extended shared storage space 400 is made by the 

DMA mode access control means 34 in the connection unit 22 of the processing unit 10. 

The DMA mode access control means 34 specifies a shared storage module 12 In the extended shared 
storage space 400 with a destination ID code DID in the start transfer confvnand SC and specifies an address 
of the specified shared storage module 12 with an access address A. 
10 The central processing unit 18 of the processing module 10 allocates a fixed number of bits of address 
infbnfnation to a selector for selecting from among the shared storage modules 12 and the remaining bits, to 
an internal address of a shared storage nrwdule 12 specified by the selector when the shared storage space 
200 is programHfnode accessed. 

The present invention is not limited to the computer system of Figure 1 A and may be constructed from a 
15 single processing module 10 and more than one shared storage unit 12 which is allocated shared storage space 
200 accessible by the physical addresses of the processing module 10. Also, more than one system bus may 
be provided. In this case, connection units corresponding In number to the system buses are provided in each 
of the processing modules 10 and shared storage modules 12. 

The shared storage configuration system of the present invention configured as described above provides 
20 the following effects. 

First, instruction codes arid data are stored in separate locations, whereby the frequency of access to the 
shared storage module can be decreased. Therefore, the problem of limited system perfonmance due to the 
high access frequency can be solved. 

The separation of instructions and data is made by the physical addresses of the processing modules and 
25 the shared storage space is allocated to space which is common to all of them. However, the local main memory 
of each processing module is allocated space inherent in Its processing unit 

The Instruction codes of the central processing unit In the processing module are stored In the main merTK)ry 
unit allocated the processing module's own space. Only data requiring to be shared among the processor mod- 
ules is stored in the shared storage modules forming the shared storage space. 
30 As a result, the frequency of access to the shared storage modules is considerably reduced, thus increasing 
the number of processor modules which can be buOt in the system and improving system perfonnance. 

Moreover, since the mennory area shared among more than one processing module is reduced, the inde- 
pendence of each processor module is enhanced, thus pemiitting a fault-tolerant system to be built 

Furthenmore, by providing, in addition to the shared storage space serving as the physical address space 
35 of the central processing unit, the extended shared storage space which is accessible only by software DMA 
instructions, it becomes possible to build memory space which is much vaster than the physical address space. 

In the configuration of the above described computer system associated with the present invention, as 
shown in Figure 1 D. a shared storage space 200 capable of being accessed depending on the physical address 
of the process module 10 is divided by a plurality of partially-shared storage spaces 300, and the existence of 
40 a duplex configuration of shared storage modules 12 Is defined for each part of the dh^ided partially^shared 
storage space. Further, to make a duplex memory comprising a shared storage module 12. defined as having 
a duplex configuration, another shared storage module 12 having an inverted value at a specific bit in its unit 
ID can be specified. This module is thus generated as a corresponding module in a duplex meirwry. 

For example, to make a duplex memory comprising a shared storage module 12 defined as having a duplex 
45 configuration, another shared storage module 12 having an inverted value at the least significant bit In its unit 
ID in contrast with the conresponding unit ID described above is specified as a corresponding module in a pair 
of duplex metnory modules. 

In a duplex access, when a duplex configuration is determined according to a write instruction of the central 
processing unit 1 8 based on the software, the hardware of the connectton unit 22 performs a firet write into one 
50 shared storage module 1 2 having a specified unit ID, then a second write Into the other shared storage module 
12 having an inverted value at the least significant bit in Its unit ID in contrast with the specified unit ID. 

Additionally, the connection unit 22 in the process module 10 is provided with a configuration definition regi- 
ster 44 for specifying the existence of a duplex configuration of the shared storage nrKxJule 12, and then makes 
a duplicating write access referring to the configuration definition register 44 when it receives a write Instruction 
55 from the central processing unit 18. 

The configuration definition register 44 for specifying the existence of a duplex configuration makes a 
change during the operation according to tfie instruction of the cenb^ processing unit 18 based on the software. 
In the reading access, when the connection unit 22 In the process module 10 receives from the central 
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processing unit 18 an instruction to read a pair of shared storage modules 12 which are specified as having a 
duplex configuration, a reading access to one of the two shared storage modules 12 having a unit ID is issued 
by the read instruction of the central processing unit 18. 

In the transmission through the system bus 16. as shown In Figure IE. the connection unit 22 in the process 
module 1 0 generates start transmit command (SC) comprising a destination ID code (DID) indicating a shared 
storage module 12 to be accessed, a source ID code (SID) indicating a source, an operand indicating the type 
of access, and the access data capacity (BCT). It then transmits the start transmit command (SC) to the above 
described system bus 16 with the access address (A) of the destination shared storage module 12. 

In turn, the connection unit 28 in the shared storage module 12 monitors the system bus 16 and performs 
an access according to the operand after accepting the start transmit command (SC) when It determines that 
the destination ID code of the start transmit command (SC) matches its own unit ID. 

The connection unit 22 in the process module 1 0 comprises the following hardware for perfbrming a dup- 
licating write according to the specification of a duplex configuration: a program mode access controller 32 for 
accessing the shared storage module 12 according to the physical address of the central processing unit 18 
and a DMA mode access controller 34 for accessing the shared storage nK)dule 12 after converting the physical 
address of the central processing unit 18 to a relative address. 

However, if an abnormal condition Is detected during the access to the shared storage module 12. a ter- 
mination code indicating the detailed infonmation of the abnormal condition and a unit ID of the defective shared 
storage module 12 ara announced to the software of the process module 10. 

Specifically, during a duplex access, a tenmination code indicating the detailed infonnatlon of an abnormal 
condition and only the least significant bit in the unit ID in the defecth^e shared storage module 12 are announced 
to the software of the process RKKiule. 

That is, as each unit ID of a duplexed storage is assigned an even or odd number ID, announdng only the 
least significant bit is enough to determine the defective module in the pair. 

Further, when the software of the process module 12 is notified of the abnormal termination of the duplex 
access, a recovery process such as release of duplication, rewrite instruction, switeh of the shared storage mod- 
ule 12 to be read, eto. Is conducted by selecting the content of the configuration definition register 44 provided 
in the connection unit 22. 

The computer system shown in Figure 1 A can comprise a single process module 1 0 and a plurality of shared 
storage units 12 provided with shared storage space accessible depending on the physical address of the pro- 
cess module 10. 

Further, a plurality of system buses 18 are provided to penmit a plurality of connection units 22 to be moun- 
ted in the process modules 10 and connection units 28 in the shared storage modules 12 depending on the 
number of system buses 16. 

The shared storage space comprises a plurality of shared storage modules, and the shared storage space 
is divided into a plurality of partially-shared storage space. According to the configuration definition for defining 
the relation between each of the dn^lded partially-shared storage spaces and the shared storage modules, the 
existence of a duplex configuratfon and a shared storage area can be designated. 

A duplex configuration can be defined optionally such that the addition/deletion of a shared storage module 
and the switch to a simplex/duplex configuration are permitted. 

The hardware-operated duplicating write can be easily conducted by limiting it to a pair of shared storage 
modules having an Inverted value at one specific bit and equal values at all the other bits in respective unit 
IDs. 

That Is. in a writing access to a shared storage module where a duplex configuration is specified, a write 
Instruction of the software causes the hardware to write Into a shared storage module having a specified unit 
ID. and then to write into the other shared storage module in the duplex configuration with an inverted value 
applied to the specific bit in contrast with the first unit ID. Therefore, the process load on the software can be 
reduced without any other software process for the duplex access, thus greatly Improving the system perform- 
ance. 

Figure 2 illustrates a system configuration of a multiprocessor system to which a shared storage configu- 
ration system according to the present invention is applied. 

The multiprocessor system comprises more than one processor module (PM) 1 0 and more than one shared 
storage module (SSM) 12. The processor modules 10 and the shared storage modules 12 are each connected 
to a shared system bus (SS-BUS) 16. a spilt bus. through a connection unit (SSBC-P) 22. The shared system 
bus 16 is controlled by a shared system bus handler (SSBH) 14 and the arbitration of the shared system bus 
16 is centrally controlled by the shared system bus handler 14. 

The #0 to #2 processor modules 1 0 have their unit ID numbers allocated as follows* 
PM#0; UID = 1000000 
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PM#1;UID= 1000001 
PM#2; UID = 1000010 

Also, the #0 to #2 shared storage modules 12 have their ID numbers allocated as follows: 
SSM#0; UID » 0000000 
5 SSM#1; UID = 0000001 

SSM#2; UID = 0000010 

Although the process modules 1 0 and the shared storage modules 12 are each controlled by the #0 and 
#1 shared system bus 16 which is doubled for fault-tolerant purposes, they may be connected to more shared 
system buses 16. 

10 Figure 3 Is a block diagram of the processor module shown in Figure 2. 

The processor module comprises a central processing unit {\i P) 18, a local main memory unit (LSU) 20 
and two connection units (SSBC-P) 22 for the two shared system buses 16. which are alt connected by an inter- 
nal bus 24. 

In the processor module 10, software (OS) runs on the central processing unit 18 and the main memory 
15 unit 20. Pieces of software from the processor nrrodules 10 cooperate with one another to form a distributed 
OS for performing a set of operations. The central processing unit 18 of each processor module fetches instruc- 
tion codes only from its main memory unit 20. 

Figure 4 is a block diagram of the shared storage module 12 shown in Figure 2. 
The shared storage module 1 2 comprises a shared storage unit (SSU) 24 and two connection units (SSBC- 
20 S) 28 conresponding to the two shared system buses 16, which are all connected by an internal bus 30. The 
shared storage unit 26 stores data to be shared among the processor modules 10 shown in Figure 2. 
Figure 5 is a block diagram of the connectton unit 22 In the processor nrKxJule 10 of Figure 3. 
The connection unit 22 accesses the shared storage unit 12 of Figure 2 via the shared system bus 16 in 
the following two modes: 
25 (1) program mode 
(2) DMA mode 

The connection unit 22 comprises a program mode access control circuit 32 and a DMA mode access control 
circuit 34, which are provided for the two access modes. It further comprises a transmitter-receiver circuit 36 
for transmitting data to or receiving data from the shared system bus 16 and a dual port RAM 38, which serves 
30 as a buffer. The program mode control circuit 32 comprises an address decoder 40, a timing controller 42, and 
a configuration definition register 44. The DMA mode access control circuit 34 comprises an address generator 
46, a timing oontrolter 48 and a DMA control register 50. 

Figure 6 is a block diagram of the connection unit (SSBC - S) 28 of the shared storage module 12 shown 
in Figure 4. 

35 The connection unit 28 is constructed from a DMA control circuit 52 an Internal bus arbiter circuit 54, a trans- 
mitter-receiver circuit 56. and a dual port RAM 58. The DMA control circuit comprised of an intemal bus control 
circuit 74 for controlling the intemal bus 30, an address generator 70 and a timing controller 72; the intemal 
bus arbitrator circuit 54 performs the arbitration of the intemal bus 30 when more than one connection unit 28 
is installed in the shared storage module 12, as shown in Figure 4; the transmitter-receiver circuit 56 Is for the 
40 shared system bus 16; and the dual port RAM 58 serves as a buffer. 

The connection units 22 and 28, whteh make connections among the processor modules 10 and the shared 
storage modules 12 via the shared system bus 16, adopt a split transfer system in which each access is split 
into start transfer and response transfer. 

In the bus control of the split transfer system, a unit ID number is allocated to each module, the unit ID 
45 being used as a module identifier on the bus. 

Figure 7 illustrates examples of a start transfer command SO and a response transfer command EC used 
by the connection units 22 and 28. 

In the start transfer command SC of Figure 7, the DID (Destination ID) indicates the unit ID of a destination 
module and the SID (Source ID) indicates the unit ID of a source module. The operand indicates a type of 
50 access. The types of access include memory access to the shared storage modules 12, access to the shared 
storage units 12 and the other processor modules 10 to halt them and access to the control register to reset 
It The BCT (Byte Count) indicates data capacity in accessing the shared storage rrxKJules 12. 

In the response transfer command EC, the DID and SID are the same as those In the start transfer command 
SC and the conclusion code indicates a conclusion state of the destinatfon. i.e., normal conclusion or abnormal 
55 conclusion. 

Figure 8 is a diagram for explaining the operation of write access (store access) for transferring data from 
a source processor module 10 to a shared storage module 12 over the shared system bus 16 and writing it In 
the memory module 12. 
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First, the source (accessing) processor module 1 0 prepares a start transfer command SC. That is. the start 
transfer command SC prepared by the source processor module consists of the SID Indicating Its own unit ID, 
the DID Indicating the unit ID of a shared storage module 12 being accessed, an operand indicating the write 
access and the BCT Indicating the access capacity. Following the start transfer command SC, an access 
5 address A of the destination shared storage module 1 2 and data D to be written into are sent onto the system 
bus 16. 

The destination shared storage module 12 monitors the shared system bus 16 and compares the DID Indi- 
cating the destination contained In the start transfer command SC with its own unit ID. When a coincidence 
occurs, the shared storage module 12 performs a receiving operation. The shared storage module then makes 
10 a write access to the shared storage unit 26 (refer to Figure 4) and transmits to the source processor module 
a response transfer command EC containing the conclusion code of the write access and in which the DID and 
SID are interchanged because the start transfer and the response transfer are opposite to each other In the 
direction of transfer. 

The source processor niodule 1 0 monitors the shared system bus 1 6 and perfonns the receiving operation 
15 when a coincidence occurs between the destination ID In the response transfer command EC and its own unit 
ID, thereby tenminating one-time access. 

During the Idle time firom the termination of transmission of the start transfer command SC to the Initiation 
of the transmission of the response transfer command EC, the system bus may be used to transfer the start 
transfer command SC or the response transfer command EC for another access. 
20 Figure 9 is a diagram for use explaining the operation of read access (fetch access) for reading data from 
a shared storage module 12 and transferring It to a processor module 1 0. 

First, a source processor module 10 prepares a start transfer command SC which consists of the SID indi- 
cating its own unit ID, the DID indicating the unit ID of a destination shared storage module 12 being accessed, 
an operand indicating the read access and tiie BCT indicating the access capacity. Following the start transfer 
25 command or start command SC. an access address A of the shared storage module 12 being accessed Is sent 
onto the system bus 16. 

The destination shared storage module 12 monitors the shared system bus 16 and compares the DID in 
the start transfer command SC with its own unit ID. When the comparison indicates equality, the module 12 
perfomns ttie receiving operation. The destination shared storage module 12 then makes read access to the 
30 shared storage unlt26 (refer to Figure4) of the shared storage module 12 and transmits to the source processor 
module 1 0 a response transfer comnnand or end command EC, which contains the conclusion code of the read 
access. Furthermore, in the response transfer command EC, the DID and SID are interchanged because the 
start transfer and the response transfer are opposite to each other In the direction of transfer, and readout data 
D. 

The source processor module 10 monitors the shared system bus 16 and perfbnms the receiving operation 
when a colnddence occurs between the destinatton ID In the response transfer command EC and in its own 
unit ID, thereby tenminating one-time read access. 

The read access is made in the program access mode or the DMA access mode. In eittier access mode, 
tiie operations on the system bus 16 are the same. 

Figure 1 0ls a diagram for explaining an address space map in the present embodiment of ttie present Inven- 
tion. 

In Figure 10, tiie physical address space of each processor module is roughly classified into shared storage 
module space (hereinafter refen-ed to as SSU space) and space Inherent In the processor module (hereinafter 
referred to as PM inherent space). 

The PM inherent space is space which is inherent in hardware resources of each processor module 10 
and presents in each processor module 10. The PM inherent space fonns multiple-address space for tiie total 
number of processor modules in the system, in the present embodiment, it is supposed that the amount of PM 
Inherent space Is 2GB. 

The SSU space is common to all ttie processor nnodules 10. That is. ttie SSU space is fonned by more 
ttian one shared storage module 12 and forms space which Is common to the processor modules 10 in ttie sys- 
tem; it can also be directly accessed by tfie physical addresses of tiie processor modules 10. Thus, only data 
to be shared among all the processor modules 10 is stored in the SSU space. 

In ttie present embodiment, the 2-GB SSU space Is used as an example. As shown on ttie left side of the 
figure, ttie SSU space is further divided into eight partial SSU spaces #0 to #7 in a 256-MB unit. Each of the 
partial SSU spaces #0 to #7 is fonmed from one of the shared storage modules 12 of the present invention. 

Moreover, the PM space of each processor module 10 is divided into LSU space and control space. 
Operands required by each processor module and its own date are stored in the LSU space, which Is a part 
of ttie PM inherent space. It is the presence of the LSU space ttiat permlte ttie number of accesses made by 
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each processor module to the SSU space (formed by the shared storage modules 12 to be decreased). 

If an access address designated by the central processing unit 18 of each processor module points to the 
LSU space, then dosed access wilt be made within the processor module 10. 

When the access address (physical address) designated by the central processing unit 18 points to the 
5 SSU space, the connection unit 22 of the processor module 10 recognizes that the access Is being made to 
the SSU space and accesses a corresponding shared storage module 12 via the system bus 16. 

By mapping the SSU space and the LSU space Into the physical address space on the processor modules 
10, it becomes possible for software to access the SSU space and the LSU space without needing to switch 
between the SSU space and the SSU space. 
10 Since the SSU space is directly mapped into the physical address space of each processor module as 
shown In Figure 1 0, access to the SSU space fbnmed of more than one shared storage module 1 2 may be made 
In the following two access modes. 

(1) Program mode in which physical addresses are used to make direct access by software instructions 

of the central processing unit 18; or 
15 (2) DMA mode in which a shared storage module to be accessed is selected and a data transfer between 

a processor module 1 0 and the shared storage module 1 2 is started by specifying an access address and 

the length of transfer 

The accessible SSU space varies with the access mode. In the present embodiment, the SSU space 
accessible by the program mode is only the 2-GB space which has been directly mapped into the physical 
20 address space of each processor module. In the DMA tmde, however, by designating a shared storage module 
12 to be accessed using its unit ID. it becomes possible to access much vaster SSU space, l.e., extended SSU 
space. 

In the DMA mode access, the unit ID of a shared storage module 10 to be accessed is designated by the 
DID in the start transfer command SC shown In Figures 8 and 9 and the shared storage module is addressed 
25 by the following address A. Therefore, theoretically. It becomes possible to access extended SSU space having 
a capacity of 2" (n is an address bit width of central processing unit 18 plus a bit width of the unit ID). That is, 
the extended SSU space forms multiple spaces which are distinguished by the unit ID numbers serving as iden- 
tifiers. 

Figure 11 is a diagram for explaining the SSU space which has been mapped into the physical address 
30 space of the processor module 1 0 and the extended SSU space which is accessible only in the DMA mode. 

In Figure 1 1 , the number of bits of each of the unit ID numbers of the shared storage modules 1 2 constituting 
the extended SSU space is seven, and 64 unit ID numbers. 0000000 to 01 1 1 1 1 1, are assigned to the shared 
storage modules 12. 

Here, eight unit ID numbers, 0000000 to 00001 1 1 , which are accessible in the program mode and the DMA 
mode are assigned to the 2-GB physical address space to be used for configuration definitions of the shared 
storage modules 12 constituting double-shared storage (described later). The remaining 56 unit ID numbers 
conrespondlng to 56 SSU modules used In DMA mode are each assigned 4 GB. As a result, the extended SSU 
space of 226 GB in total can be accessed in the DMA mode. 

Of course, the numb^-of unit ID numbers is not limited to eight as shown in Figure 1 1, and 16 shared stor- 
age modules 000000 to 00011 1 1. may be used to fully fomi double-shared storage space (non-extended 2-GB 
space). 

Moreover, by increasing the number of bits of the unit ID or the rate of assignment of the unit ID numbers 
to the shared storage nrxxlules 12, it is possible to extend the extended SSU space with the DMA mode access. 

Although the SSU space of the present invention, which is accessible by the physical addresses, is formed 
by more than one shared storage module 12, all the menrwry devices for the SSU space need not be packaged; 
unpackaged areas may also exist. In addition, all or part of the SSU space may be double-configured for fault- 
tolerance. 

The unpackaged areas and the double configuration, as shown in the SSU space of the processor modules 
10 of Figure 10, can be realized by dividing the SSU space of the processor modules 10 into partial SSU spaces 
and defining relatfonship with the shared storage nxxluies 12 for each of the partial SSU spaces, that is. rela- 
tionship with the shared storage modules 12 having the unit ID numbers 0000000 to 00001 1 1 forming the exten- 
ded SSU space shown in Figure 11. 

In the embodiment of Figure 10. the 2-GB SSU space Is divided into 8 spaces each of 256 MB and the 
configuration definitions Indicating the conrespondence relationship of each of the partial SSU spaces #0 to #7 
to the shared storage modules 12 are given. 

The configuration definittons of the shared storage modules 12 are realized by operating the configuration 
definition register 44 (refer to Figure 5) built in each processor module. The configuration register 44 is con- 
structed from a firat control register 60 shown in Figure 12 and second control registers 62-1 and 62-2 shown 
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in Figure 13. 

The first control register 60 of Figure 1 2 specifies the presence or absence of the shared storage modules 
12 corresponding to the SSU space divided into 8 spaces each of 256 MB as shown in Figure 1 0. in other words, 
whether the shared storage modules 12 are packaged or unpackaged. In this embodiment. Figure 12 Indicates 
that five partial SSU spaces #0. #1, #2, #4. #7 conresponding to 10, 11. 12. 14. 17 each Indicated by a high bit (1) 
have been packaged and three partial SSU spaces #3. #5, #8 corresponding to 13, 15, 18 each indicated by a 
low bit (0) have not been packaged. 

The second control registers 62-1 and 62-2 shown in Figure 1 3 specify which of the shared storage modules 
12 conrespond to the partial SSU spaces indicated by high bits in the first control register 60 and have thus 
been packaged, the single or double configuratton and the access sequence when the double configuration is 
specified. 

In this embodiment, only bits DO. D1. D2, D4, and D7 conresponding to the partial SSU spaces #0. #1, #2, 
#4 and #7 are valid and specify the configurations of conresponding shared storage modules 12 and access 
fonns. That is. bits DO. D1 and D7 are Os. indkating ttiat the partial SSU spaces #0. #1 and #7 are of single 
configuration. When partial SSU spaces #0, #1 and #7are accessed, the shared storage modules 12 klentified 
by the unit ID = 0, 1, 7 are accessed. 

On the other hand, bits D2 and D4 are Is, (tefining the double configuration. When the partial SSU spaces 
#2 and #4 of double configuration are accessed, data is read from the shared storage nxxlules identified by 
the unit ID2 and the unit ID4. 

The shared storage modules of double configuration are written into as follows. In the first writing, a shared 
storage module 12 identified by Uie unit ID in the second control register 62-1 and 62-2 is written into and, in 
the second writing, anottier shared storage module 12 Is written Into which has ttie unit ID in which a specific 
bit in the first unit ID. for example, tiie least significant bit is inverted. 

A pair of duplex shared storage modules 1 2, which can be specified by ttie second control register to take 
tiie double configuration, has unltlDnumberswhk:h are equal exceptforthelrleastslgnlficant bits, e.a 0000100 
and 0000101. 

In ttie embodmnent of Figure 1 3, two partial SSU spaces #2 and #4 are specified by bits D2 and D4 = 1 to 
take double configuration. For tiie partial SSU space #2, the following pair is set 



Partial SSU space Unit ID 

#2 0000010 

*3 0000011 
For the partial SSU space #4, the following pair is set. 

Partial SSU space Unit ID 

#4 0000100 

0000101 



Figure 1 4 Is a diagram for explaining tiie packaged state and configuration definittons of tiie shared storage 
modules 12 which are based on the specifications by the second control registers of Figures 12 and 13. 

Eight shared storage modules 12 are provided to conrespond to the SSU spaces #0 to #7 of ttie processor 
modules 10, but the shared storage module conresponding to the SSU space #6 is not packaged. Since the 
SSU spaces #3 and #5 are doubled witti the shared storage modules of ttie SSU spaces #2 and #4, respectively, 
no shared storage modules 12 corresponding to the SSU spaces #3 and #5 exist. The remaining SSU spaces 
#0, #1 and #7 have a one-to-one conespondence witti the shared storage modules 12 because of their single 
configuration. 

By dividing tiie SSU space which can be accessed by the physical addresses of tiie processor modules 
10 and giving configuration definitions thereof as described above, it becomes possible to specify validity/invali- 
dity or single/double configuration of the shared storage modules for each of ttie divided SSU space units even 
when the system is implemented. 

in ttiis embodiment, in ttie program mode in which the SSU spaces are directiy accessed by ttie physical 
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addresses based on the central processing unit software instructions, four bits bO to b3 In the 32-bit SSU space 
address serve as a selector for the shared storage modules 12 and the remaining 28 bits b4 to bSI serve as 
an address of the shared storage units 12. 

Where the memory capacity built in the shared storage modules 12 exceeds 256 MB, the meaning of the 

5 selector for selecting from among the shared storage modules 12 remains unchanged, but the Internal addres- 
ses of the shared storage modules 12 are made to con-espond to the menK)ry capacity built into the shared 
storage modules 12. When, for example, the memory capacity Is 512 MB. I.e. double 256 MB. 29 bits bS to 
bSI of address infonmation are used to designate Internal addresses of the shared storage modules 12. When 
the memory capacity Is 1 GB. 30 bits b2 to b31 are used to designate Internal addresses of the shared storage 

10 modules 12. Moreover, when the memory capacity Is extended up to 2GB, 31 bits are all used to designate 
internal addresses of the shared storage modules. Where the memory capacity of the shared storage modules 
12 exceeds 256. MB. the number of bits of the selector for selecting from anwng the shared storage modules 
decreases as described above. Thus, the same unit ID will be specified for the partial SSU spaces dhnded into 
256-MB units. 

15 In the present invention, access In the program mode Is made In accordance with flowcharts shown in Fig- 
ures 15A and 15B. 

In Figure 15A, software accesses the SSU space as an instruction of the central processing unit In step 
S1. In step S2. the connection unit 22 decides which of the shared storage units 12 has the addressed SSU 
space on the basis of four address bits bO to b3 from the'central processing unit 18 and the contents of the 
20 second control registers 62-1 and 62-2 for giving configuration definitions of the shared storage modules 12. 
Moreover, a decisfon is made in step S3 as to whether or not the shared storage module 12 specified by the 
contents of the first control register 60 has been packaged. If It has not, the operation will be temiinated abnor- 
mally in step S4. 

When it is decided in step S3 that the shared storage module 12 specified by the second control registers 
25 Is packaged, the connection unit 22, In step S5, retums a retry signal to the central processing unit 18, so that 
the central processing unit 18 is placed in the wait state. 

In step S6, a decision is made as to whether an Instructton from the central processing unit 18 is a fetch 
instmctfon to read data from the shared storage module 12 or a store instruction to write data into the shared 
storage module 12. 

If the Instruction from the central processing unit 18 is a fetch Instruction, a start transfer command SC Is 
prepared In step S7 from the contents of the second control registers 62-1 and 62-2 with the unit ID of the des- 
tination shared storage module used as the DID. After the bus right for the shared system bus 16 has been 
acquired in step S8. the start transfer command SC and address A are tnansmltted to the shared system bus 
16. 

If, on the other hand. It Is decided In step S3 that the instructton is a store instruction, a start transfer com- 
mand SC is likewise prepared In step S14 from the contents of the second control registers 62-1 and 62-2 with 
the unit ID of the destinatfon shared storage module used as Uie DID. in step S14. the start transfer command 
SC, address A and data D to be written into are sent onto the shared system bus 16 after acquisition of the 
bus right for the shared system bus 16. 

In ttie shared storage module 1 2, on the other hand, as shown in the flowchart of Figure 1 5B. the connection 
unit 28 monitors the shared system bus 16 in step S1 and compares its unit ID the DID in the start transfer 
command in step S2. When tiie comparison Indicates equality, receive data is written into the built-in dual port 
RAM 56 in step S3. 

In step S4. it is detenmined whether tfie instruction is a fetch instruction or a store Instruction. 
If it is a feteh instruction, the connectton unit 28 permite date transfer between the dual port RAM 56 and 
tile shared storage unit 26 under the control of tiie internal bus control circuit 64 in step S5 after acquisition of 
tiie bus right for the internal bus 30. In step S5. the connection unit 28 responds to the source processor module 
10 at the temiination of date transfer witiiln the shared storage module 12. 

That is. a response transfer command EC containing a concluston code is prepared In step S6, bus right 
for tiie shared system bus 16 is acquired In step S7, and then ttie response transfer command EC and readout 
date D are sent onto tiie shared system bus 16 In step 88. 

If in step S4 the instruction Is detenmined to be a store instmction. the connection unit 28 permite date trans- 
fer between the dual port RAM 56 and ttie shared storage unit 26 in step S9 under tfie control of the internal 
bus control circuit 64 after acquisition of ttie bus right for ttie intemal bus 30. The connection unit 28 responds 
to the source processor module 10 at ttie tenmination of the data transfer (the writing of date) within the shared 
storage module 12. 

That is. a response transfer command EC containing a conclusion code is prepared In step S10, ttie bus 
right for ttie shared system bus 16 is acquired in step S1 1 and ttien ttie response transfer command EC is sent 
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onto the shared system bus 16 In step S12. 

^^'^^^ITJT'^f Z^'^"^ "^"^ ""'t 22 monitor the 

sha^ system b,^ 1688 indicated ,n step S9orS16and compares its ovmunitlDwth the Dl^ 

fransfercommandECmstepSIOorSI/.WhenthecomparisonlndlcatesequalitylnstepSIOorS^^^ 

command ECis received in step SlSfora store Instruction «»i»anwer 

the iTs'Z^f 1' tl? ^ '""^ '° "'^ '^""^ '^^^'"9 ^« ^'*drawn. so that 

the watt state of the central processing unit 18 is canceled. Fora fetch instruction, a conclusion signal ofThe 
internal bus 24 is retumed to the central processing untt 18 together with mcelvec^ data D ?n Sp si 3 F^l 
. «^°J^-'™ction.acondusionsignalDCoftheintomalbu.24l8return^^ 

The access in the program mode is thus tenninated. 

The double writing process in steps S19 and S22 to S28 of Figures ISA wll be clarified later 
the prienTl^vTnfc n" '^'^'''^ ""^^^^ 

Far access In the DMA mode, in step S1. the central processing unit 18 first places on the main memory 
20 of Bie processor rnodule 10 a descriptor containing control contents, such as the untt ID of a d^l^S 
Shared storage module 12. an access address, the transfer length, eto. shown in Figure 17 
Biipli'nw'"' '"*«^««"'ptor of Figure 17. the BCT indicates the number of transfer bytes, the buffer address 

cates the unit ID of a shared storage module which is a candidate for access. Moreovi. the SSUA indidtes 
a relabve address (an internal address within the shared storage module 12 specified by the mmvrft^S 

mod^£^?^JS!L!;r«!'T!^^^^^^ 

^ n. A ^'^^^ °^ descnptor on the main memory 20 are set in the DMA control reaiste^ 

• . ^ S2. the connection unit 22 acquires the bus riaht for the 

internal bus 24 of the processor modute 10. Thus, the connection unit 22 is penStedVdt«X at^L^ 
mam memory 20 under the control of the DMA control circuit 34 to thereby read the desoioSm^^^ 

tranS? , T to the dual port RAM 38 m the connection untt 22. the direction of date 

^fnWH ^2 ^"'^ '^"S"' of transfer as shown in Figure 7 Is prepared by he 

transmitter-receiver circutt 36 in step S5. On the other hand, if the write date transfer direction is^ me^in 
memoo. 20 to the shared storage modute 12 (hereinafter referred to as (LSU JSi^SonrtJl b-tnTr 
stert command SC is likewise prepared by the transmitter-receh^er circuit 36 In step SI 3 
stei^S^^Ssli: •^"^"^■^'^^^ 36 acquires the bus right for the shared system bus 16 in 

sc. address A and data D are transmitted to the shared system bus 16 «»i"nana 
bus ?6"iri?<n l!f ?• ""ft 28 of the Shared storage module 12 monttore the shared system 

S inX sl ^^^^'^^^ '^"^ <*"al port 

nJlT' """/^ '^^'^^'^ *® transfer is in the (LSU SSU) direction the 

TJ^ultl buslw w '^!:'°",^" ''^^ <='^ft 52 in the connection untt 

S6 Sir.? w »^ ^' ^ ''^'^ "^"^^^ Pe""i"ed between the dual port RAM 

^ and the shared storage unit 26. in this case, date is read from the shared storage unit 26 in sip wSe 
date IS vwitten into the shared storage untt 26 in step S9. ^ ' 

When access in the DMA mode is temiinated in step S5 or S9. the response transfer command EC con 

^^^tSi Mln T^;!? ®^ ^'"^ f^^^ to Step SB or S12 Thatis! rs^ 

S8.nwhich(LSU-. SSU). readoutdateDisaddedtothe response transfercommand EC and then tiiris^^^ 
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to the shared system bus 16. In step S12 in which (SSU - LSU), the response transfer command EC is trans- 
mitted to the shared system bus. 

Returning now to the flowchart of Figure 16A for the processor modules 10, the connection unit 22 of the 
processor module 10 monitors the shared system bus 16 as in step S8 or Si 7. When equality is found between 
5 its unit ID and the DID in the response transfer command, the operation proceeds to step S 1 0 or SI 9 for a receiv- 
ing operation. The received data is stored in the dual port RAM 38 in the connection unit 22. 

Subsequently, for transfer in the (SSU LSU) direction, the bus right for the internal bus 24 Is acquired 
in step S1 1, so that data D received by the dual port RAM 38 Is transferred to the main memory 20 under the 
DMA control. Finally, the conclusion code is set in the DMA control register 50 in step S12 and the completion 
10 is notified to the central processing unit 18 as an interruption signal. 

For transfer in the (LSU -> SSU) direction, the operation proceeds to step S21 via step S20, whereby the 
conclusion code is set in the DMA control register 50 and the completion is notified to the control processing 
unit 18 as an interruption signal. 

One-time access in the DMA mode is thus terminated. 
15 The double writing process in steps 820 and S22 to S27 will be clarified later. 

The shared storage modules 12 constituting the SSU space of the present invention can be doubled for 
fault-tolerance. When doubled shared storage modules 12 are accessed, the writing operation Is perfonfned on 
both of the doubled shared storage modules, while the reading operation Is performed on one of the shared 
storage modules 12. 

20 The write access to the doubled shared storage modules 12 is canied out by hardware control of the con- 
nection unit 22 in response to an access instruction firom the central processing unit 18 based on software. 
The write access to the doubled shared storage modules is not made simultaneously for reasons of hardware 
control. That is, the writing operation is first performed on one of the shared storage modules and, when the 
first writing operation is completed, the other is written into. The specific accessing methods vary between the 

25 program mode and the DMA mode. 

The double accessing method in the program mode is perfonned in accordance with the process in steps 
SI 9 and S22 to S28 shown in Figure 1 5A. 

That is, the first store access is processed in the same manner as in the single configuration. When, in 
step SI 8, a response transfer command EC indicating normal tenfnination is received at the tenmination of the 

30 first write access to the shared storage module 12, a reference is made in step S19 to the second control regi- 
sters 62-1 and 62-2. 

Into the second control registers 62-1 and 62-2 are entered a bit for specifying the double configuration of 

shared storage modules, the unit ID of a shared storage module to be read firom and the unit ID of a shared 

storage module to be written into first 
35 When a reference is made to the second control registers 62-1 and 62-2, if the shared storage module to 

be accessed is defined as single configuration, then the connection unit 22 makes the first write access to the 

shared storage module to be accessed In step S20. 

When the double configuration is defined, in step S22, a transfer start command SC for store is prepared 

in the DID of which is equal to the unit ID of the shared storage module, which is specified first in the second 
40 control registers and has already been subjected to access, except the least significant bit In subsequent step 

S23, the bus right for the shared system bus 1 6 is acquired to transmit the start transfer command SC, address 

A and data D which is the same as that in the first access and accesses the other of the double-configured 

shared storage nrK>duies. 

In the second access, with the first access, the process indicated in steps SI to S4 and S9 to S12 of Figure 
45 16A is perfonmed by the shared storage modules and, finally, a response transfer command EC containing a 
conclusion code is transmitted to the shared system bus. 

Data transferred from the shared storage module is monitored in step S24 of Figure 1 5A and, when equality 
is found between its own unit ID and the DID in step S25. the response transfer command EC is received in 
step S26. Thereby, as in steps S12 and SI 3, a set of store accesses to the double- configured shared storage 
50 modules is tenminated. 

By setting configuration definitions of the shared storage modules In the second control registers as des- 
cribed above, when the central processing unit 18 makes progranvmode access (access to the SSU space) 
to a physical address of a shared storage module on the basis of software, the processor site connection unit 
22 checks whether the shared storage unit is of single configuration or double configuration and is able to auto- 
55 matically change the unit ID to make the second access at the tennination of the first access if it is of double 
configuration. 

Even if a shared storage module specified in the second control registers 62-1 and 62-2 is defined as double 
configuration, one of the doubled shared storage nfiodules may be disabled against access because of a fault 
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flierein. A situabon in which a compressed operation has to be temporarily employed can be coped with by 
changing the operabon mode of the second control registers from the double configuration mode to the single 
configuration mode when the abnormal conclusion code is found in the response transfer command EC 
obtained at the tenriination of access. 

• '.^^ °^ double^TK)de access, access to shared storage modules is tenninated abnonnally it 

IS po^ible to check the presence or absence of equality of the contents of two doubled shared storage modulU 
as well as the access sequence based on the unit ID of the abnomial shared storage module and the contents 
of the second control registera 62-1 and 62-2. In the program mode in particular, since the success or failure 
jn acc^ can be basuaily recognized on a wonJ-by^«ord basis, even if data equality is lost between the dou- 
ble-configured shared storage modules, the recovery process has only to be performed taking into account 
unequal words and the shared storage module which has failed to be accessed. 

Next, the DMA-mode double accessing method is illustrated In steps S20. S22 to S27 of Figure 16A. 
That IS. the first DMA access in which data transfer is in the (LSU - SSU) direction is processed in the same 
n«nner as in the single configuratfon. Aflera response transfer command EC indicating normal termination of 
fte firs^access to the shared storage module is received in step S19. the presence orabsence of the definition 
of double wnting is cherked in step S20. 

Although fte DMA-mode access is started by selecting an object shared storage module and specifying 
an access address of the shared storage module and the length of transfer, the direction of transfer and ' 
single/douWe configuration are specified in the DMA control register 50 of the connectton unit 22 

K*"f f °"' '^'^'^'^^ "'^'^^ to the DMA control register 50 defining the oonfiguralton 
of the shared storage module to check the presence or absence of the definition of double writing 

As a result of the reference to the DMA control register 50. if the shared storage module to be accessed 
B defined as single configuration, the process advances to step 21 and the connectton unit 22 terminates 
access to the shared storage unit with only one write access. 

However, if the double configuration is defined, a transfer start command SC for writing is prepared in step 
S22 and has the same DID as the unit ID of the shared storage module, which is first designated in the DMA 
ojrtrol regster 50 and has already been accessed, except the least significant bit. In subsequent step S23 
me bus nght for the shared system bus is acquired to transmit the start transfer command SC. address A and 

S t fJ^^rr ^' ^"^^ ^ ^^^'^'^ ^y^*^'" ^6- "«kes DMA write access 

39 to the other of the double-configured memory modules. 

In the second DMA access, as with the firet. the process in steps S1 to S4 and S9 to S12 shown in Figure 
16B are Perfomied by the shared storage modules and finally a response transfer command EC containing a 
conclusion code is transmitted to the shared system bus 16. 

That b. date transferred from the shared storage module is monitored in step S24 of Figure 16A and when 
an equality is found between its own unit ID and the DID in step S25. the response transfer command' EC is 

fi-H ^ ""i"® '^""S tf'® DMA mode as well, if the mode of operation is speci- 
fied, the double wnting is automaticaBy perfonned by the hardware. 

•Ki lemiinatfon occura during DMA access to the doubled shared storage modules, it is poss- 

ible to che<* date equality between two d^^^ 

at the nme of the first access. k ™ 

Although more than one processor module is indicated in the embodiment of Figure 2. the system may 
45 compnse a single processor module. ' 

As descnb^above. according to the present invention, the instniction is separated from the date, thereby 
deaeasing the frequency of access to a shared storage module and increasing the number of processor mod- 
ulesto be equipped with the system. Asa result, the present invention can greatly improve system pertbmiance. 

As the memory area or space coK)wned by a plurality of processor modules is decreased, the independ- 
ence ofeach processor is increased and thus a more reliabte fault-tolerant computer can be configured 
WW A ^" «Pa"<*ed shared storage space which is accessible by DMA instruction using software is pro- 
vided and thus a computer system with a vast memory space can be configured. 

A duplex configuration can be changed during system operation, thus realizing fault tolerant capabilities 
depending on the necessary memory volume where duplication is required for shared storage space 

AS the hardware twice performs automatk: duplicating writes according to the write instruction from the 
softrare. the process load of the software can be reduced without any other sofhivare process, thus greatly 
improving system perfomiance. yi=ouy 
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Claims 



3. 



4. 



1. A shared storage configuration system for use in a computer system comprising- 

a plurality of processing modules each having at least a main memory unit, a central processinq 

space which « accessible by physical addresses of said central processing unit of each of said j^ocessing 
modules, and a plurality of shared storage modules each having a shared storage unit and a connection 
whiJ^l.T"^'*^? 'V1^ ''^^'"fl shared storage space 

mSes '^"^ P^oc^ssing unit of each of said processing 

Z A shared storage configuration system according to dalm 1 . in which said shared storage space is divided 
mtoa plural.^ of partal shared storage spaces and the relationship of each of said partial sharad storage 
spaces to said shared storage modules is defined. 

^"^"""9 *° "^^^ 2. in Which data to be sharad among said pro- 
cessing modules « stored in said shared storage modules. 

A shared storage configuration system according to dalm 1. in which said main memoiy unit is allocated 
to said processing module inherent space to form independent space for each of said processing modules. 

A shared storage configuration system according to dalm 4. In whidi said main memory unit allocated 

r«c:rg"n;Sursrs"'''^^^ 

2n^^dSS"^'°" according to claim 2. in whidi said connection unit of said proces- 

eo w ^^a?^ "^"^ accessing an arbitrary shared storage module allocated 

said Shared storage space by physical addresses of said central processing unit; and 

DMA mode access control means for accessing an arbitrary shared storage module allocatsd said 
shared storage space by translating physical addresses of said central processing unit to relath» addres- 

SGS* 

A sharadstorage configuration system according to dalm 6. in whidi said program mode access control 
means when said central processing unit accessed said sharad storage space using its physical address 
^ns^tes the physical address to the unit ID of a sharad storage nSule to be acLsed al^ao*^ 
said shared storage module with said unit ID used as an identifier on said system bus. 

configuration system according to daim 2. in whidi said program mode access control 
the Sharad storage module to be accessed, a source ID code indicating a source, an operand indicaf^ 

fddr^ "1^ ^"^ """^^ " together with an access 

address of the destination shared storage module. 

configuratfon system according to dalm 8. in whidi said program mode access control 
saw start transfer command and said access address at the time 

ttle ofSS!e*ac(^"' ^"^"^ '""^ '^^^ *° ^ 

Itr'* configuration system acconling to daim 8. in whidi said connedlon unit of said shared 
!i T'T^^ ^ to receive said start transfer command when an 

equality » found between the destination ID code in said start transfer command and ite own unit ID. 

S^!.?'' configuration system according to daim 10. In which said connedlon unit of said shared 

^ """^ a response transfer command fonmed of an ID code indicating a destination pro- 
cessing module, a souroe ID code indicating a source and a conduslon code and then transmits it to ^id 

mand which has been received. 
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12. A shared storage configuration system according to daim 11 , in wtiich said connection unit of said shared 
storage module transmits only said response transfer command containing a conclusion mode at the time 
of store access and transmits said response transfer comnriand and readout data at the time of fetch 
access. 

5 

13. A shared storage configuration system according to daim 11. in which said connection unit of said pro- 
cessing module monitors said system bus and operates to receive said response transfer command when 
an equality is found between a destination ID code in said response transfer command and Its own unit 
ID. 

10 

14 A shared storage configuratton system according to claim 3, in which said connection unit of said proces- 
sing module indudes a configuration control register Indicating packaging or unpackaging of a shared stor- 
age unit corresponding to said partial shared storage spaces. 

15 1 5. A shared storage configuration system according to daim 1 , further comprising an extended shared stor- 
age space which is accessible by relative addresses of said central processing unit 

16. A shared storage configuration system according to daim 1 5, in which said extended shared storage space 
Is formed of a plurality of shared storage modules each having a fixed memory capacity. 

20 

1 7. A shared storage configuration system according to daim 1 5, in which said extended shared storage space 
contains a plurality of shared storage units allocated shared storage space which is accessible by physical 
addresses of said central processing unit 

25 18. A shared storage configuration system according to daim 15, in which access to said shared storage mod- 
ules fonming said extended shared storage space is made by said DMA mode access control means of 
said connection unit In said processing module. 

19. A shared storage configuration system according to daim 18. in which said DMA mode access control 
30 means specifies one of said shared storage modules fonnlng said extended shared storage space in 

accordance with the destination ID code in the start transfer command and an address of tiie specified 
shared storage module In accordance with an access address. 

20. A shared storage configuration system according to daim 1 8. in which, at ttie time of access to said exten- 
ds ded shared storage space, said central processing unit of said processing module allocates a fixed number 

of bits in address infonmation to a selector of said shared storage nrK>dules and the remaining bits to an 
intemal address of a shared storage module specified by said selector. 

21. A shared storage configuration system according to daim 1 , in which said computer system is constructed 
40 from a sinde processing module arid a plurality of shared storage modules allocated shared storage space 

which Is accessible by physical addresses of said single processing module. 

22. A shared storage configuration system according to daim 1 , In which there are provided a plurality of sys- 
tem buses and each of said processing modules and said shared storage modules is provided with a 

45 plurality of connection units whteh correspond In number to said system buses. 

23. A shared storage duplicating method for specifying a shared storage module conresponding to another 
shared storage module In a computer system comprising a plurality of process nrKxiules having at least a 
main memory, a central processing unit, and a connection unit for connection to a system bus; and a 

so plurality of shared storage modules having at least a shared storage unit and a connection unit for con- 

nection to said system bus. comprising steps of: 

dividing shared storage space accessible dependent on a physical address into plural parts of par- 
tially-shared storage space; 

dividing the existence of a duplex configuration of said shared storage module for each part of said 
55 partially-shared storage space; and 

specifying another shared storage module having an inverted value at a specific bit in its unit ID in 
contrast with said unit ID of said shared storage module where a duplex configuration is defined, as a cor- 
responding module in a pair of memory modules. 
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24. A shared storage duplicating method according to Claim 23, wherein 

another shared storage module having an Inverted value at the least significant bit in its unit ID in 
contrast with the unit ID of said shared storage module where a duplex configuration is defined is specified 
as a corresponding module in a pair of memory modules. 

25. A shared storage duplicating method according to Claim 23. wherein 

if a duplex configuration is detennined according to a first write Instnjction of said central processing 
unit based on the software, the hardware of said connection unit performs a fb^t write into said shared 
storage module having a specified unit ID, and then a second write into said other shared storage module 
having an inverted value at a specific bit in its unit ID in contrast with said specified unit ID. 

26. A shared storage duplicating method according to Claim 23, wherein 

a connection unit in said process module comprises a configuration register tor specifying the exist- 
ence of a duplex configuration of said shared storage module, and performs an access for a duplicating 
wnte as refemng to said configuration definition register on receiving a write instruction from said central 
processing unit. 

27. A shared storage duplicating method according to Claim 23. wherein 

the duplex configuration specified by said configuration definition register can be changed accord- 
ing to an instruction of said central processing unit based on tiie software. 

28. A shared storage duplicating method according to Claim 23. wherein 

if said connection unit in said process module receives from said central processing unit a read 
instruction from a pair of shared storage mo6u\es where a duplex configuration is specified, only a reading 
access is perfonmed from the shared storage module having a unit ID determined by the read instruction 
of said central processing unit. 

29. A shared storage duplicating method according to Claim 23. wherein 

said connection unit in said process module generates start transmit command (EC) comprising a 
destination ID code (DID) indicating the shared storage module to be accessed, a source ID code (SID) 
for indicating the source, an operand indicating the type of access, and access data capacity (BCT) and 
then sends to said system bus said stert transmit conrunand (EC) together with an access address (A) of 
the shared storage module at the destination; and 

said connection unit in said shared storage module monitors said system bus. and accepte said 
start transmit command (SC) when it detenmlnes that tiie destination ID code of said stert transmit com- 
mand (SC) and ite unit ID match, thereby peribnming an operand-dependent access. 

30. A shared storage configuration method according to Claim 23. wherein 

said connection unit in said process module comprises as the hardware for performing a duplicating 
wnte according to tiie specification of a duplex configuration: 

3 P">9ram mode access control means for accessing said shared storage modute dependent on a 
physical address of said central processing unit ; and 

a mode access control means for accessing sakJ shared Storage module after convert^^ 
physical address of said central processing unit to a relative address. 

31. A shared storage duplicating method according to Claim 23, wherein 

if an abnonmal condition existe during the access to said shared storage module, a termination code 
describing tiie detailed infomiation of the abnormal condition and the unit ID of the defective shared stor- 
age nfiodule are notified to the software of said process module. 

32. A shared storage duplicating method according to Claim 31, wherein 

the software of said process module is notified of tfie termination code describing the deteiled infor- 
mation of the abnonmal condition and only tfie least significant bit in the unit ID of tfie defective shared 
storage module. 

33. A shared storage duplicating method according to Claim 31, wherein 

if tfie sofhvare of said process module receives notification indicating an abnormal termination of 
the duplex access, a recovery process is performed by selecting the content of said configuration definition 
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!S''2ld'';2!^w»*fh" "^"T^" "^^^ of duplication, rewrite instruc 

tion, and switch of a shared storage module to be read. 

A shared storage configuration method according to Claim 23. wherein 

e««h Jnn T*^ "^^^ ^ ^"^^^ P"^^" "^^'"'^ « P*"^>'ty ^ ^^^^^^ storage units 

e^h ^mg allocated shared storage space accessible dependent on a physical address of said procei 

A shared storage configuration method according to Claim 23 comprising: 
a plurality of said system buses; and 

nmvidi?„"^!? ? ""^ P^^^'^^ module and a plurality of connection units 

provided In said shared storage module, each provided depending on the number Jsald system bH^l 



Id 



EP0 476 9»A2 



liJ 
_J 

O 

o 
s 

u 
o 
< 

o 

UJ 

a: 
< 
I 

CO 




txJ 

_l 

ZD 
O 

o 



on 
o 
I- 
co 

o 
liJ 
a: 
< 
I 
<o 

CM- 






20 



EP0 476962 A2 



O 

4fc 



o o 
o o 



O 
O 
CO 



UJ 

o 
cn 

cn 

a: 
o 
o 
< 

_j 
< 
o 

00 

>- 

X 
CL 

UJ 

-J 

z> 
o 
o 



z 

i— • 

(O 
LJ 
O 
O 

a. 



o 

CO 



SHARED 
SPACE 


SHARED 
SPACE 


SHARED 
SPACE 




SHARED 
SPACE 


PARTIAL 
SIORAGE 


PARTIAL 
STORAGE 


PARTIAL 
STORAGE 




PARTIAL 
STORAGE 



o 
cz> 



kin: 






21 



EP 0 476 962 A2 



o 

II 

1 — 1 


I — 1 




n 

CD 


ZD 


ZD 




1 — 1 
ZD 


1 

I ^ 


O 

o 




1 

8 


cz> 

II 


T\ 




cr 
II 


CD 
1 — 1 

ZD 


Q 

ZD 


• 


' UID = 




✓ 









CD 
O 



22 



EP 0476 962 A2 



O 
LJ 
X 
UJ 

i2 




o 

o- 

ro 



c 

* 



23 



EP0 4769e2A2 




EP0476962A2 



-Its 

Q CO OCT CO 
UJ riD ^ CO I 

CQ =xi ::z> to 

S ^ ' LO CQOO 

= * 




25 



EP0 476962 A2 



i 
5 



I 

o 

CQ 
00 



5 



8^ 



I 

o 

PQ 
00 





(LSU) 
MAIN 
MEMORY 










20, 










CENTRAL 
PROCESS 1 
UNIT i^ 


i 





f N. 



26 



EP0476 962A2 



8^ 



00 



so 





\ . 








SHARED 
STORAGE 
U :n I T f S S 


INTERNAL 
BUS ' 



83 



27 



EP0476962A2 



O 
I-' J 

oV. 





: -"1 




: co| 




' ce: 




















< 






e 0 


a 



P? — i:*: 



CI 



Oct; 
CO 

ex. 



C30 









CjcJ 


























00 













10 
bo 



I ;-> 



28 



EP 0 476 962 A2 



• tr:> 



F>2 



Let f-* 

mi 



^t3 



T 



< 



HO 



CJO 



CxJ . — . 

E — ' C-rJ 

^ <:-:> 

■ 

CO \^ 



CD 
bo 



/I 

I :-) 



29 



EP 0 476 962 A2 






tact: 












Oc/^< 






<<:so 













o 
< 

a. 

< 

Q O 

:=> < 
< 

OQQ 

HIP a: 
< tiJ 

Qoof- 



QQH 
^ — O 
QOOPQ 



30 



EP0 47S962A2 



So i 
o 



Q 
Q 



Q 



CO 



S 



CO 



CO : 



-I" 



Q 
Q 
O 
Q 

< 



CO 



oj 


1 


CVJ 










00 




a, 


:3 


CO 






CO 










CO 





1 



CO 

uj oo 

Cj- UJ 6— 

CO S -rr 

CO u- 
(— • CO CO 

CO <c e-" 



(X) 

•T-H 



31 



EP 0476 962 A2 



Q 
Q 
Q 
Q 



CJU 



as 



to 



Q 
Q 
Q 



CO 



::::> cd 



< 



oj 


co| 


cal 










C/) 
























CO 





^ to Uu 

CeJ -eC 6— 



CD 

bo 



32 



EP0476962A2 




33 



EP 0 476 962 A2 



SSU SPACE 
ACCESSIBLE BY 
PHYSICAL ADDRESS 



00000000 



TFFFFFFF 



EXTENDED 
SSU SPACE 
ACCESSIBLE 
IN DMA MODE 



DID-0000000 




OlD-OOOOOOl 




UID-OOOOOlO 




010*0000011 




DtD-0000100 




8IDM)0001QI 




HI 0-00001 10 




HI 0-0000111 





00000000 



7FFFFFFF 
00000000 



FFFFFFFF 
00000000 



FFFFFFFF 



00000000 



FFFFFFFF 



OID-OOOOOOO 



UID-0000001 



OID'OOOOOIO 



DID-OOOOOn 



910^0000100 



01&>OOOO1OL 



U I 0^0000 110 



Dio-ooooni 



DID«0001000 



UiD-OOOlOOl 



BID-OllllU 



2GB 



46B ^^56 

MODULES 
= 224GB 



226GB 



Fig. 11 



34 



EP0 476 962 A2 



CO 

O 

w 

o 

o 
o 

CO 

fx. 

°l 

CO 



o 
o 



s s e 

^ b3 



CO 



CD 



8 8 8 



to 

CxJ 



CD 



C3 



: Loce: 



LOGS CO 



**~* (-^ ( * I I r ) 

CjJ C2J CxJ 
CO CO t-* CO t-i 



to 



O 1-H 



'CO' 



s 

i2 

§ 

CO 



CD 



§B§BgB gB 

OSLO 



COf-H 



5 

a 



5=5 



S 



s 

5 



►—tor— m 

0.00.0 

co<c c/><c 



O r-« 



I 

o 



bo 



35 



EP0 476962 A2 



a: 


o 


CL} 






o 


00 


o 




o 


O 


o 


la 


<=> 














o 






o 




<=> 




o 


o 


o 


o 


o 




o 


Q 




2: 


o 


o 




o 


o 




o 




o 




o 


1—1 




o 


1 




o 


CNJ 




o 


CO 








o 



CO 

Q 



Qco 



Q 



Q 
»— • 



o 
Q 



Qo 





f— « 




1 — < 




o 




o 




o 




o 










W 




r. 


•X' 


(/) 


•X* 


1— 1 


•X- 


o 


■x- 




•X- 














o 












2C 




O 




O 








Q 




Z 




o 








o 


I— 1 


w 


o 


C/) 


f — 1 




o 






o 


1 




o 


CM 




o 


CD 













CO 

Q 



CM 

Q 



Qco 



;3 



o 
Q 



Q S S p £ 




CD 



g g 



8 

in: 



u. ou u. a. Lu a. 

uj ::=> tjj =D Ljj ::d 

£X. or> Cl. O- CO 
CO CO CO (T) CO CO 



s s ^ 



11 

<-D^ 

U- CL. 
CI. CO 

to CO 



3?: 



8 



CO 

CO 

CO 
CO 
CO 

g 



c^ 



s 



CO 

to 



CO 



e- Q- O 

CO 2:: a. 
cQ CO e?5 



CO 



36 



EP0 4769»A2 



X 'OOOOOGOO' 
X 'OFFFFFFF* 
X 'lOOOOOOO' 
X 'IFFFFFFF* 
X '20000000' 
X '2FFFFFFF' 
X '30000000' 
X '3FFFFITF' 
X '40000000' 
X '4FFFFFFF' 
X '50000000' 
X 'SFFFFITF' 
X 'GOQOOOOO' 
X 'CFFFFFFF* 
X "70000000' 
X '7FFFFFFF' 



rSSU SPAfl #0 — 
SSODF VALID 
SINaE CDNFICUR/UION 
OF SSCTG FOR 
UI[>='000000O* 



•SSU SPACE #1 — 
SSUDF VAI.ID 
SINGLE OlNFiniRATION 
OF SSCFG FOR 

uiD='oooooor 



rSSU SPACE #2—1 
SSUDF VALID 
Wme CONFIGURATION 
OF SSCFC FOR 
UII>='OO0OOIO' 



SSU SPACE #3 — 
SSUDF INVAI.1D 



-SSU SPACE 
SSUDF VALID 
DOUBLE CnNFICURATlON 
OF SSCFC FOR 

uiD-'ooooior 



SSU SPACE #5- 
SSUDF INVALID 



rSSU SPACE #G- 
SSUDF INVAI.ID 



-SSU SPA(£ #7- 
SSUDF VALID 
SINtHJ- aWIGURATION 
OF SSfJG FOR 

uiD='ooooiir 





SSM ■ 

uiD^'ooaxxxr 




1 


SSM 

uiD='oooooor 








SSM 

Ullh '0000010' 



I I IIID= '0000011 




SSM 

iiiD^'oooooor 



UID- '0000100' 



SSM 

IS NOT EXISTEIfT 



SSM 

IS NOT F-XISTENT 



SSM 

UID-*(XXX)1II' 



Fig. 14 



37 



EP0 476962 A2 



( STAirr^ 



1 AHISS 11) u V 








^ NO 






MtTIUI RKTKY StOiAI T1) 
<r r IIAO: /I P IN UMT 
SIATE 




HTORU 



S9-. 



AS Din iiHWi 



kKFKKKUrt TO SSOJ; lltfl'A 
KATIIM (F STtftE UmVd) 
WITH HID II-' AWmSKIJ S.*« 
AS DID rv nfMAND 



-SH 



AIUHSTIW fr S!UttK KKiilT 
TIMNSHISSIIN (I- umANt) 



.VmUSTIIW ff* SSIflK KliaiT 
Tk.^f6H(SSI(N (f am\Mi) 
AiHJW-:sS AM) WTA 



.S15 



S S U II s 



] 



J .1 1 , - I 



■SI6 



^ nil) IN 



IfAtRShU Vf iEAST SIGNIFY 
CANT BIT mj'AIMTUfI iV 



I 



\ 
rS22 



AOAJISTION SSIflK RIQfT 
TRAMiHI^KN IF 0>ttAND. 
AIXJUESS AND DATA 



SI2H 
SI3- 



NKaUHlN CF RtTkY SlrXM. 
lANlHUTKN np //|> UMT 
STATE 



_j V I C 

I ;-:s is ^o u s i K 

i HWITrHSSUUS K -n 




UO^IRN I 

Sim. 



NKGATIfW fF ItOKY SICHV. 
tANfUJATUffl IF ti V MMT 
STATE 

r 



RETIRM 
SIGNAL 



2 KK nmiKKTN I ^COI 

to uv y^oii 



Fig. 1 5A 



END ) 



38 



EP 0 476 9^ A2 




RECmiON OF COMMAND, 
ADDRESS AND DATA AND 
STORAGE OF TliEM IN SSBC-P 
RAH 




FETQI/STORE 

'ETCH 



STORE 



SIO 



ACQUISTION OF SSM-BUS 
RIGHT 

RAM IN SSBC-S -» DMA IN SS 



I 



ACQUISTION OF SSM-BUS 
RIGHT 

SSU -►DMA IN RAM IN SSBC-S 



PREPARATION OF RESPONSE 
TRANSFER COMMAND 



Sll'-{ 
SIM 



I 



S5 



PREPARATION OF RESPONSE 
TRANSFER COMMAND 



ACQUISTION OF SSBUS RIGHT 



I 



/ 



TRANSMISSION OF RESPONSE 
TRANSFER COMMAND 



ACQUISTION OF SSBUS RIGHT P 



TRANSMISSION OF RESPONSE 
TRANSFER GOMAND AND DATA 



H6 



Fig. 1 5B 



39 



EP 0 476 962 A2 



( STAR t"^ 



SI 



S2 



PUCD©<T CF DESCRIPTOR 
(TRANSFER LfNCTH.ATrESS. 
AOUiESS.UID-QF SSM) ON LSD 



SETTING OF TRANSFER DIREaiON, 
OKSrAIPTGR AflORESS AND WRITE HLI€ 
(injn£)IN DMA OONTRa. REGISTER 



ACQlllSTIGN (F IH RUS RF^ID 
our OFDESCRUTUR. 




YES 



AcoiiisTinN »• m mis riqit 

(MA IN RAN IN LSIt. SSDC P 



rREPARATIGN fJF START 
TRANSFER QfMAND 



AOUISTION OF SS DUS RIOIT 

r 



I 



ACnilSriON OF SS RUS RIQtT 



16 



TRANSHISSION GF OWIAND, 
AND ADMtES 

r 



X 



TRANSNISSION OF a»4AND. 
ADDRESS AND IJATA 



* HnNiim SSI) us 



mnm sshus 



■S13 

-S14 
S15 

'S16 



NO^^-^ DID IN DID IN \^ NO 

TRANSFER OfMAND = Uiq> <JR''WSFER OJMMAND = UID 
SEI,ECT SBJP >s^SEI.Ea SEIJ 

ES 010 ^r?ES 



RnCETTION OF RESPONSE 
TRANSFER C0MAND AND mk 
^-ma. OF TIIEM IN 5SBC-F 
RAM 



Sll> 



S12> 



I 



RECEPTION OF RESPONSE 
TRANSFER OKIAND AND DATA 
STOKACE OF TIIEM IN SSOC-P 
RAM 



r 



S19 



ACQUISTION OF PH RUS RIQIT 
IN RAM IN t5U. SSBC-r 



I 



SETTINT. OF CDNdUSIOK OtE 
IN IH\ CONTROL REGISTER 
NOTIFICATION OF INTEfOOIP- 
TION 



( END ) 




SETTING OF OONaUSION CODE 
IN DMA CDNTRni. REGISTER 
NOTIFICATION OF INTERRUP- 
TION 



END ) 



Fig. 1 6A 



INVERSION OF LSn (JF UID 
PREimilON OF CCMMAND 



ACOUISTION OF SSBIR RlfilfT 
TRANSMISSION OF C»WAND. 
ADDRESS AND DATA 



^'7s:-;::;s"i;Bii:=u::s.::' 



MONITOR SSBUS 



-S22 

-S23 
-16 




CO 

a-, 

c_::> 



RECEPTION OF RE5HKSE 
TRANSFER OKfAND AND DATA 
STORAGE \V im IN SSBC P 
RAM 



I 



SETTING OF OmUSlON KWt 
IN DMA aWTRHl REKISTER 
NOTIFICATION OF INTERRUP- 
TION 

( END ) 



-S26 



e 

X 
UJ 

_J 

CL 

Z) 
Q 



/ 



40 



EP0 476962 A2 



iiiiiPiHSIiiyiSHiiiBiiiiiiUiiilhS:^ 




'16 



RECEPTION OF COMMAND, 
ADDRESS AND DATA 
STORAGE OF TIIEM IN SSBC-P 
RAM 




SIO 

Sll 
S12 



ACQUISTION OF SSM BIIS 
RIGIIT 

RAM IN SSBC-S -» DMA IN SS 
» 



ACQUISTION OF SSM-BUS 
RIGHT 

SSU -»DMA IN RAM IN SSBC-S 



PREPARATION OF RESPONSE 
TRANSFER OOMHAND 



I 



X 



PREPARATION OF RESPONSE 
TRANSFER COMMAND 



ACQUISTION OF SSBUS RIGIIT 



I 



TRANSMISSION OF RESPONSE 
TRANSFER COMMAND 



I 



ACQUISTION OF SSBUS RIGIIT 



TRANSMISSION OF RESPONSE 
TRANSFER COMMAND AND DATA 



I 



rS6 
i6 



Fig. 1 6B 



41 



EP0 476 9»A2 



g 



o 



PQ 



Q 
P 



00 
GO 



H 

♦H 



42 



